###### Strengths and limitations of this study

-   The present study measured economic status using more accurate (asset-based) method compared with other studies that use household income method. This method has fewer limitations compared with income method in developing countries.

-   Instead of using linear regression to decompose inequality in a non-linear setting, the present study applied a more proper method to perform its objective.

-   Due to the cross-sectional design of the study, causal interpretations of the findings were done with caution, and longitudinal studies were needed to evaluate the temporality of the presented associations.

-   In addition, a self-administered questionnaire was applied, and some information biases were induced. Also, due to lack of data in some categories, especially for some combination of exposure and outcome levels, sparse data bias may have occurred.

-   The current socioeconomic status was used as proxy of socioeconomic status in the near past (during the stillbirth), which could be changed partially.

Introduction {#s1}
============

A stillbirth is defined as a baby born with no signs of life at or after 28 weeks' gestation.[@R1] Stillbirth is classified as either early (between 20 and 27 completed weeks of pregnancy), late (between 28 and 36 completed pregnancy weeks) or term (between 37 or more completed pregnancy weeks).[@R2] Also, stillbirth is defined as fetal loss in the third trimester (≥28 completed weeks of gestational age or ≥1000 g birth weight).[@R3]

Even with increasing concentration for maternal neonatal health, stillbirths remain as one of the main health issues worldwide. As a minimum, 2.65 million stillbirths (ranging from 2.08 million to 3.79 million) were estimated worldwide in 2008. Most cases of stillbirths (98%) occur in low-income and middle-income countries. The lowest numbers were reported from Finland (two cases per 1000 total births), and the highest numbers were reported in Nigeria and Pakistan (more than 40 cases per 1000 total births).[@R3] Based on the report of WHO, for every 1000 total births, 18.4 babies were stillborn, mostly in low-income countries and middle-income countries worldwide in 2015.[@R4]

Numerous factors are related with stillbirth including maternal infections, non-communicable diseases, nutrition, lifestyle-related factors and maternal age. Fourteen per cent of stillbirths contribute to prolonged pregnancies.[@R5] Some studies show that economic status is one of the main causes of prenatal outcomes especially stillbirth,[@R6] and the rate of stillbirth was more concentrated in low economic area.

The rates of preterm birth and stillbirth diverge in countries and by sociodemographic variables.[@R10] The highest stillbirth rate, neonatal mortality rate and intrapartum-related mortality rates occur in areas with low socioeconomic status due to accessing care in rural areas, emergency obstetric care, immediate postnatal and prenatal care, gaps in healthcare coverage during the prenatal, intrapartum and postnatal periods skilled birth attendance.[@R11] Disparities in these rates are obvious. Even in areas with high income, there are inequalities in stillbirth rates; for instance in the UK, black women are two times more prone to have a stillbirth than white women.[@R3]

Iran is a developing country located in Asia. Based on the 2010 report, 96.42% of deliveries were done in presence of skilled health workers, and maternity care coverage during pregnancy was reported 96.92%.

The cause of a large proportion of stillbirths is unknown, and some studies are needed to determine the cause of unexplained stillbirth.[@R14] Therefore, the present study aimed to determine the economic inequality in history of stillbirth and understanding determinants of unequal distribution of stillbirth in Tehran, Iran.

Method {#s2}
======

Although the methodology of this study was described elsewhere,[@R15] here, more detailed information is reported on inequality analysis. A population-based cross-sectional study was conducted, which was a part of large survey on twin and multiple pregnancies in Tehran Province, Iran. Data collected were related to 5170 deliveries between 6 July and 21 July 2015 in 103 government, private and military hospitals to ensure women with broad range of socioeconomic status. The data were gathered from medical centres with obstetrics and gynaecology wards. All women regardless of the type of delivery (natural or caesarean section) and pregnancy outcome (live birth, stillbirth and spontaneous abortion) were included in the study. Also, the unstable women filled out the questionnaire after 2 or 3 days. The sampling procedure was carried out for 2 weeks. This report STROBE guideline.

Validity indices of questionnaire including face validity, relevancy, clarity, comprehensiveness and inter-rater agreement were reported above the acceptable level of 80%. One hundred and three educated midwives as interviewers completed the questionnaire. If participants had not been aware of variables studied, their medical records would have been observed or would have conducted interviews with obstetricians and nurses. The outcomes of interest were history of stillbirth, and economic status was considered an independent variable. Economic status of participants was measured based on 'asset base method', in which the pregnant women were asked about their assets including vacuum cleaner, handicraft carpet, laptop, freezer, dish washing machines, private cars, touch mobile, three-dimensional TV, side-by-side refrigerator, microwaves, number of rooms and area of residence.

This study was approved in 2015 by the Ethical Committee of Royan Institute, Tehran, Iran (ethical code: 91000357). At the beginning of the study, the study's aims were clearly presented for all participants. Confidentiality and anonymity of eligible individuals were assured; they were informed that they could withdraw at any phase of the study. Verbal informed consent was obtained from all subjects before the study.

Methodology {#s3}
===========

Independent variables (determinants) of the study were as follows: mother's and father's age, nationality (Iranian and non-Iranian), education, occupation and household economic status. Age was categorised into two groups: over and under 35 years old. There were three categories for education: under diploma, diploma (end of high school) and academic degrees. Father's occupation included the following categories: professional, managerial and technical, skilled non-manual, skilled manual, partly skilled and unskilled occupations. Unequal distribution of history of stillbirth was considered as a main outcome. Stillbirth was defined as a baby born with no signs of life at or after 28 weeks' gestation.[@R16]

To measure the economic status of households, principal component analysis (PCA) method was used. PCA, basically, is a standard factor analysis method leading to reduction of a slew of (asset) variables into one variable (ie, economic status variable indicating the economic position of households). Asset variables used in the study for PCA were as follows: the number of rooms per person, area per capita, possession of automobile, carpet, microwave, dishwasher, TV, freezer, refrigerator, vacuum cleaner, laptop, PC, washing machine and cell phone. Categorical variables should change to binary variables (have or not-have) before running a PCA. Numeric variables, however, do undergo no change (ie, area per capita and the number of rooms per person). PCA result is a number of components on which asset variables are loaded. However, only the first component represents the economic status of the households as it can explain a remarkable part of variance (32% in our study) in economic status. In fact, economic status is the first component of PCA that is able to distinguish between people in terms of their economic status. The asset variables that are loaded on the first component and give such a distinguishing ability to it were as follows: refrigerator, dishwasher, laptop and microwave. An economic score was, finally, determined for each household by PCA. Then, the households were economically ranked, and economic quintiles were constructed to be used in the subsequent modelling.[@R17]

Concentration curve and index were used to measure and decompose socioeconomic inequality in stillbirth history.[@R18] The two key variables constructing the concentration curve were the stillbirth history, its distribution, economic status variable, against which the distribution is assessed. Concentration curve plots the cumulative percentage of the stillbirth history (y-axis) against the cumulative percentage of the sample ranked by economic status, starting from the poorest (x-axis). If everyone, irrespective of his or her economic status, has exactly the same history of stillbirth, the concentration curve will be a 45° line, running from the bottom left-hand corner to the top right-hand corner. This is known as the line of equality. If, in contrast, stillbirth history takes higher values among poorer people, the concentration curve will lie above the line of equality and vice versa. Concentration index reports the distance between the concentration curve and the line of equality. Concentration index ranges from −1 to +1, with negative values indicating that the concentration curve lies above the line of equality and vice versa.

Wagstaff *et al* demonstrated that a concentration index can be decomposed into contributions of different explanatory factors to inequality.[@R18] In fact, for any linear (regression) model of health, such as

$$\gamma i = \alpha + \sum_{k}\beta_{k}\, x_{ki} + \epsilon_{i}$$

the concentration index (C) for y (stillbirth history) can be written as:

$$C = \sum_{k}\left( {\frac{\beta_{k}{\overline{x}}_{k}}{\mu}C_{k}} \right) + \frac{GC_{\epsilon}}{\mu} = C\gamma + \frac{GC_{\epsilon}}{\mu}$$

where µ is the mean of y; ${\overline{X}}_{k}$ is the mean of factors; C~k~ is the concentration index for factors and GC~ε~ is the generalised concentration index for the error term (ε).

However, as the health variable is a dichotomous variable in the present study and it has no linear probability distribution but only when it changes to natural logarithm (Ln), µ in the formula (2) will change to Ln of µ.

There are two parts in formula (2): GC~ε~ or residual component that reflects the part of inequality in stillbirth history that cannot be explained by systematic variation in the factors. Explained component $\left( C_{\gamma} \right)$ that shows the contributions of explanatory factors to inequality. Each contribution is the product of sensitivity or relationship (elasticity) of stillbirth history with factor ${\beta_{k}{\overline{x}}_{k}}/\mu$ and the degree of economic inequality in factor $\left( C_{k} \right)$.

Results {#s4}
=======

[Table 1](#T1){ref-type="table"} illustrates the demographic features of subjects studied. As the table shows, most of subjects, male or female, were under 35 years of age, Iranian and had a diploma degree. In terms of occupation, 87.5% of women were housewives, and 50.51% of men belonged to 'unskilled' and 'partly-skilled' occupations. In terms of stillbirth history, 2% of subjects had such a history.

###### 

Demographic features of subjects participated in study in Tehran in 2014

                                            Variable                   Frequency   Per cent (%)
  ----------------------------------------- -------------------------- ----------- -------------------
  Mother's age                              15--25                     1344        26.25
  26--35                                    3457                       61.66       
  \>36                                      619                        12.09       
  Father's age                              15--25                     332         6.52
  26--35                                    3045                       59.83       
  \>36                                      1712                       33.64       
  Mother's nationality                      Iranian                    4794        92.98
  Non-Iranian                               362                        7.02        
  Father's nationality                      Iranian                    4773        92.91
  Non-Iranian                               364                        7.09        
  Mother's education                        Under diploma              1416        27.52
  Diploma                                   2062                       40.08       
  Academic                                  1667                       32.4        
  Father's education                        Under diploma              1689        32.87
  Diploma                                   1825                       35.52       
  Academic                                  1624                       31.61       
  Father's occupation                       Professional occupations   88          1.72
  Managerial and technical occupations      236                        4.61        
  Skilled non-manual occupations            1344                       26.26       
  Skilled manual occupations                865                        16.9        
  Partly skilled occupations                1600                       31.26       
  Unskilled occupations                     985                        19.25       
  Mother's occupation                       Housewife                  4509        87.5
  Employed                                  644                        12.5        
  Economic status                           Most deprived              1009        20.01
  Quintile 2                                1011                       20.05       
  Quintile 3                                1006                       19.95       
  Quintile 4                                1008                       19.99       
  Least deprived                            1008                       19.99       
  Stillbirth history                        Yes                        96          2
  No                                        5071                       98          
  Pre-eclampsia history                     Yes                        252         4.88
  No                                        4914                       95.12       
  Abortion history                          Yes                        1035        20.03
  No                                        4133                       79.97       
  Stillbirth in the last pregnancy          Yes                        53          1.04
  No                                        5024                       98.96       
  Weight at birth for the last child (kg)   Mean (SD)                  4872        3188.6 (SD=503.2)

[Figure 1](#F1){ref-type="fig"} depicts stillbirth history concentration curve; the curve is above the equality line and indicates that stillbirth is more concentrated among lower economic status people in Tehran. This shows that there is inequality in distribution of stillbirth in Tehran, and the inequality disfavours the poor. Size of the inequality that equals history of stillbirth concentration index equals −0.121 (95% C I −0.235 to −0.001).

![Concentration curve of stillbirth history in Tehran in 2014. Concentration index is the area between equality line and concentration curve that in the present study equalled: −0.121.](bmjopen-2016-013644f01){#F1}

[Table 2](#T2){ref-type="table"} shows the logistic regression analysis results for stillbirth history and its determinants. As the table shows, there is a significant relationship between lower economic status, mother's age (15--25) and odds of stillbirth history. However, there is no significant relationship between other variables and stillbirth history.

###### 

Logistic regression analysis results for stillbirth history\* and its regressors in Tehran

  Variables              Exp(B)                       p Value   Adjusted OR   95% CI            
  ---------------------- ---------------------------- --------- ------------- -------- -------- -------
  Mother's age           15--25                       0.44      0.001         0.221    0.09     0.545
                         26--35                       1.016     0.053         0.599    0.342    1.049
                         \>36 (reference)             2.295     --            --       --       --
  Father's age           15--25                       0.97      0.355         1.64     0.574    4.701
                         26--35                       0.583     0.427         0.819    0.501    1.33
                         \>36 (reference)             1.755                                     
  Mother's nationality   Iranian (reference)          0.959     --            --       --       --
                         Non-Iranian                  1.041     0.883         0.729    0.011    2.417
  Father's nationality   Iranian (reference)          0.958     --            --       --       --
                         Non-Iranian                  1.413     0.975         0.936    0.0143   2.99
  Mother's education     Under diploma                1.909     0.149         1.8      0.81     4.006
                         Diploma                      0.743     0.632         1.17     0.61     2.25
                         Academic (reference)         0.069     --            --       --       --
  Father's education     Under diploma                1.537     0.880         1.07     0.424    2.71
                         Diploma                      0.862     0.894         1.05     0.451    2.48
                         Academic (reference)         0.716     --            --       --       --
  Father's occupation    Professional (reference)     1.395     --            --       --       --
                         Skilled                      0.767     0.863         0.935    0.44     1.98
                         Unskilled                    1.273     0.954         0.982    0.539    1.79
  Mother's occupation    Housewife                    1.812     0.113         2.004    0.848    4.73
                         Employed (reference)         0.551     --            --       --       --
  Economic status        Most deprived                2.338     0.03          1.08     0.509    2.31
                         Quintile 2                   0.459     0.021         0.358    0.149    0.858
                         Quintile 3                   0.798     0.224         0.629    0.299    1.32
                         Quintile 4                   0.621     0.130         0.569    0.274    1.18
                         Least deprived (reference)   1.193     --            --       --       --

\*It is worth noting that in the present paper we only measured and decomposed inequality in the 'history of stillbirth' and not in the 'stillbirth in the last (current) pregnancy'. In fact, there was no inequality in the stillbirth in the current pregnancy (C=0.103, 95% CI −0.055 to 0.264).

Interestingly, there was no significant inequality in distribution of pre-eclampsia −0.008 (95% CI −0.078 to 0.060), abortion 0.021 (95% CI −0.010 to 0.052), weight at birth (kg) for the last child −0.001 (95% CI −0.004 to 0.0009) and stillbirth in the last pregnancy 0.103 (95% CI −0.055 to 0.264) in Tehran.

Since coefficients of occupation groups were so close to each other, they were recategorised into three occupation groups: professional (professional, managerial and technical), skilled (skilled non-manual and skilled manual) and unskilled (partly skilled and unskilled).

[Table 3](#T3){ref-type="table"} illustrates the results for decomposition of inequality in stillbirth. Mother's education (50%), mother's occupation (30%), economic status (26%) and father's age (12%) had the highest positive contribution to measured inequality in stillbirth history, respectively. Interestingly, mother age (17%), belonging to non-Iranian nationalities, had negative contribution to inequality, that is, they decreased from inequality size in stillbirth in Tehran.

###### 

Decomposition of inequalities in stillbirth history in Tehran 2014

  Variable                                 Mean     Coefficient   Elasticity   C~k~     Absolute contribution   Per cent contribution
  ---------------------------------------- -------- ------------- ------------ -------- ----------------------- -----------------------
  Most deprived                            0.199    0.083         −0.004       −0.800   0.003                   
  Quintile 2                               0.200    −0.25         −0.013       −0.399   −0.005                  
  Quintile 3                               0.200    −0.462        0.023        0.007    0.000                   
  Quintile 4                               0.201    −0.564        0.029        0.4      0.011                   
  Sum                                                                                                           26.6
  Mother's age: 15--25                     0.263    −0.9          0.06         −0.171   −0.01                   
  Mother's age: 26--35                     0.617    −0.512        0.08         0.048    0.004                   
  Sum                                                                                                           −17.1
  Father's age: 15--25                     0.652    0.116         −0.019       −0.264   0.005                   
  Father's age: 26--35                     0.598    −0.099        0.015        −0.024   000                     
  Sum                                                                                                           12.6
  Mother's nationality (non-Iranian)       0.07     −0.315        0.006        −0.675   −0.004                  −10.1
  Father's nationality (non-Iranian)       0.07     −0.066        0.001        −0.662   −0.001                  −2.1
  Mother's education (under diploma)       0.272    0.589         −0.04        −0.448   0.018                   
  Mother's education (diploma)             0.402    0.159         −0.016       −0.033   0.001                   
  Sum                                                                                                           50.1
  Father's education (under diploma)       0.328    0.071         −0.006       −0.419   0.002                   
  Father's education (diploma)             0.354    0.058         −0.005       0.011    0.000                   
  Sum                                                                                                           6.5
  Father's occupation (skilled)            0.431    −0.066        0.007        0.191    0.001                   
  Father's occupation (unskilled)          0.505    −0.018        0.002        −0.133   0.000                   
  Sum                                                                                                           2.9
  Mother's occupation (housewife)          0.874    0.685         −0.153       −0.074   0.011                   30.5
  Natural logarithmic mean of stillbirth   −3.966                              0.037                            100

Discussion {#s5}
==========

To the best of our knowledge, several studies have been conducted on the prevalence and risk factors affecting stillbirth, but few studies were done regarding socioeconomic factors influencing the stillbirth rate. Among these studies, even in developed countries, there are few researches on the impact of socioeconomic inequality on stillbirth.[@R21] In the present study, for the first time, the socioeconomic inequality in stillbirth in Iran's capital, Tehran, was explained via adopting a CI decomposition approach. This approach can help us to find the main causes of socioeconomic inequalities in stillbirth, which will be vital for policymakers in its prevention.

The stillbirth CI (of Ln odds~stillbirth~) revealed that stillbirth is unequally distributed among study subjects. In fact, the negative value of CI indicates that stillbirth is disproportionately concentrated among people of lower socioeconomic status. This finding has been approved by some other studies in developed and developing countries.[@R23] This propoor inequality exists within countries and this pattern could be extrapolated between countries; a global study found that 98% of all stillbirths occur in low-income and middle-income countries, while 77% in south Asia and sub-Saharan Africa.

Moreover, decomposition of stillbirth inequality showed that all independent variables (except mother's nationality, mother's age and father's age) have positive contributions to socioeconomic inequality in stillbirth. A positive contribution implies that the combined effect of the marginal effect of the desired determinant and its distribution based on economic status increase socioeconomic inequality in stillbirth. This can occur because either the desired determinant is more prevalent among people of lower economic status (negative C~k~) and is associated with a higher risk of stillbirth or because the determinant is more prevalent among those of higher economic status (positive C~k~) and is associated with a lower risk of stillbirth. Also, mother's education accounted for most of the socioeconomic inequality in stillbirth among Tehran's women. Indeed, mother education alone is responsible for 50% of the socioeconomic inequality in stillbirth history. The other determinants with relatively large positive contributions to socioeconomic inequality in stillbirth are mother's occupation (30%), economic status (26%) and father's age (12%). Interestingly enough, mother's age (17%), belonging to non-Iranian nationalities, had negative contribution to inequality, that is, they decreased from inequality size in stillbirth in Tehran.

The decomposition method helps to quantify the contributions of determinants to socioeconomic inequality in health-related problems.[@R25] However, analysis of studied determinants in this study showed that 26% of socioeconomic inequality can be explained by economic status, but 74% can be eliminated by managing other determinants such as mother's and father's education, employment, and more. Hence, decomposition is an important way to monitor and understand the determinants of inequality.[@R25]

When comparing the findings with other findings, the differences in calculation of economic status should be considered. Asset-based, consumption expenditure and income are the most popular measures for assessing the economic status. The asset-based method provides a rapid and simple method for collecting economic status data. Short interview time and questionnaire space are needed for this method. While the essential principles of analysis with PCA are complicated, their application is easy in many statistical packages. According to some evidence, the asset index is a more lasting measure of economic status than consumption expenditure, changing less in response to variations in income and expenditure and being resistant to most economic shocks.[@R27] This may be particularly important in low-income and middle-income countries that may have greater fluctuations in consumption patterns than high-income countries. On the other hand, asset index data is more available in many studies that make the comparative research easier all over the world. However, as the asset index is a measure of relative economic status, the poorest category of one country could not be compared with corresponding category in other country.[@R28]

It is obvious that no previous studies have tried to address the issue of stillbirth inequality in a manner similar to the present study. The present study found that stillbirth is more concentrated among lower socioeconomic status people in Tehran, which is confirmed by some other studies. A systematic analysis on the national, regional and worldwide estimates of stillbirth rates in 2015 shows that 98% of all stillbirths occur in low-income and middle-income countries and 77% in south Asia and sub-Saharan Africa.[@R24] Also, a review on the high-income countries found that a woman living under adverse socioeconomic circumstances has twice the risk of having a stillborn child when compared with her more advantaged counterparts.[@R29] Also, another study on the trends in socioeconomic inequalities concerning the risk of sudden infant death syndrome, other causes of infant mortality and stillbirth in Scotland showed a significant negative association between the economic status and risk of stillbirths.[@R30] These findings are also confirmed by another study on Swedish primiparous women, showing that low SES increases the risk of stillbirth.[@R22]

In the present study, decomposing socioeconomic inequality shows that although mother education per se is accounted for 50% of inequality in stillbirth history, the remaining inequality is explained by some determinants including mother's occupation and father's age which are modifiable to some extent. Mother's education had the first high positive contribution to measured inequality such that under diploma and diploma educated mother were more likely to experience stillbirths compared with those having academic educations. A study by Savard *et al* in 2013 reported that absolute educational inequality in stillbirth persisted, and relative inequality increased over the past three decades, despite an overall decrease in stillbirth rates. The decrease in absolute inequality for placental abruption was countered by an increase for unspecified causes.[@R31] These findings are also confirmed by global and semiglobal studies.[@R13]

The present study also showed that maternal age older than 35 years is a protective factor for stillbirth and has negative contribution to the so-called inequality in stillbirth history. Contrary to the findings, a systematic review on maternal age and risk of stillbirth showed that women with advanced maternal age have an increased risk of stillbirth. However, the magnitude and mechanisms of the increased risk are not clear, and prospective studies are warranted.[@R32] Another study on Iranian women showed that the odds of stillbirth were lower in women older than 38 years and higher in women aged 20--33 years old compared with those aged 34--37 years old, which shows that the odds of stillbirth do not increase linearly, and interpretation of the findings should be cautious.[@R33] The current study also showed that paternal age older than 35 years is a protective factor for stillbirth and has negative contribution to the explained inequality in stillbirth history. As one of the limitations, the current socioeconomic status was measured as since it was believed that socioeconomic status could not be changed dramatically in the near past during stillbirth. A multisite population-based case--control study conducted on American women found the odds of stillbirth higher among those with paternal age ≥35 years and \<20 years compared with the subjects with paternal age between 20 and 34 years old, implying that the odds of stillbirth do not increase linearly, and interpretation of the findings should be cautious.[@R34] As a relatively new finding, stillbirth among Iranian is more prevalent compared with non-Iranian women, the reason for which should be studied in future studies.

Conclusion {#s6}
==========

In conclusion, stillbirth is unequally distributed among Iranian women and is mostly concentrated among low economic status people. Mother-related factors had the highest positive and negative contributions to inequality. This matter calls for specific interventions for mothers to redress inequality. In other words, the mother-related factors are more modifiable than economic status to decrease socioeconomic inequality in stillbirth, and focusing on these factors would be more beneficial.
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